Deposition of thin films for material solar cell CuInSe 2 are relatively simple. In this research mainly focused on the use of flash evaporation method, and the material created can then be characterized by optical and electrical properties. The optical characterization is done by X-ray Diffraction (XRD), Energy Dispersive Spectroscopy (EDS), and transmission and reflection by UV-VIS spectrophotometry. Electrical characterization is done by utilizing the Hall effect equipment. From these characterization, the atomic structure, absorption coefficient, energy gap, material type, composition of each elements and the mobility of CuInSe 2 can be measured and determined. During process evaporation were carried out at substrate temperatures the range between 20ºC-415ºC.
Introduction
Deposition of solar cell material by evaporation has been conducted by many researchers [1] [2] [3] [4] [5] [6] [7] . The methods used were flash evaporation, thermal evaporation and co-evaporation. The results were thin film with a thickness of 0.5 µm to 3.7 µm. This research mainly concerned in deposition by using flash evaporation method. By using this method the thin film produced can adhere stronger to a substrate compared to thermal evaporation and co-evaporation method. The material created can then be characterized. The optical and structural characterization is done by X-ray Diffraction, Energy Dispersive Spectroscopy, and measurement on transmission and reflection by UV-VIS spectrophotometry. As the transmission and reflection are known, the absorption coefficient and bandgap can be determined. Electrical characterization is done by measuring the resistance using the Hall effect, and the measurement on the thickness of the thin film was done using the alphastep equipment. The material has a basic structure of tetrahedric and it's also known as chalcopyrite structure from the diamond family, the value of the lattice crystal parameter is a = b, c/a ≈ 2 and it has a boiling point of 986°C [8, 9] with a band gap of 1 eV to 1.7 eV.
Methods
The method used to deposit the thin film in this research is by flash evaporation. The starting material was in ingot form [10] , it is pounded to a powder with a diameter of 50 µm -300 µm. Before the process, the evaporation chamber was first cleaned, the substrate was washed using detergent and distilled water. The substrate used was pyrex glass with dimensions of 1.2 cm x 2.4 cm and 2 cm x 2 cm. The material powder was then placed inside a vibrator tube and put inside the evaporation chamber, the chamber was then vacuumed to 10 -7 Torr and then sealed. Evaporation started, the crucible was heated to temperature of 1200°C-1300°C, at the same time the vibrator tube was running at the speed where the powder would fall only to the crucible. The overall processes can be monitored through the chamber's window. By controlling the speed of the falling powder to the crucible, it is about 15-40 minutes needed for each evaporation. In every evaporation process, the substrate temperatures were changed from 20°C up to 415°C. In this research at low substrate temperature (<200ºC) the result both optic and electric characterization are not good and the research consentrate at high substrate temperature in between 270ºC-415ºC. Figure 1 shows the set-up for the flash evaporation equipment. Table 1 shows the evaporation parameters that are grains size, substrate temperature and evaporation time of some thin film samples. The thickness of thin film is measured by alpha-step and its result can be seen in last column in this table.
Results and Discussion
From some evaporation experiments, it is best to keep the diameter of powder grain size on 50 µm, smaller diameter caused the powder not to fall to the crucible during evaporation.
Optical characterization XRD measurement. The structural characterization is measurement by X-ray Diffraction with different substrate temperatures that are a low substrate temperature from 20°C-60°C and a high substrate temperature from 270°C-400°C. Result on measurement using X-ray Diffraction can be seen on Figure 2 and Figure 3 . Figure 2 shows that there are two samples and in each sample the substrate was heated to a temperature of 20°C, and 56°C. In Figure 3 , shows that there are two samples and in each sample the substrate was heated to a temperature of 270°C and 415°C. From both figures we can conclude that the temperature of the substrate is very important. When the substrate on low temperature is between 20°C-60°C the orientation of crystal peaks are low and weak, occasionally found binary material such as Cu 9 In 4 . Compared to substrates heated on 270°C-400°C or (312) with an angle of 2θ = 52.50° that is the principal peaks on the material CuInSe 2 . After determining the peaks through X-ray Diffraction, the material's lattice crystal parameter can then be calculated which are a, c, and c/a. The values of these parameter can be seen on Table 2 , especially for thin film exposited at high substrate temperatures. The lattice crystal parameters values calculated, especially c/a, was almost 2, this conclude that the atomic structure produced is a structure of chalcopyrite. Table 3 . It shows that the composition of material is close to stochiometric composition, except for samples numbers 5 and 6.
Grain measurement. Grain size measurement on the surface of the thin film using Electronic Microscope (SEM) can be seen on Photo 1. The photo shows that the grain has a diameter between 0.2 µm -1.2 µm with substrate temperatures 293ºC, 355ºC and 391ºC (samples number 6, 7 and 9 in Table 1 ) respectively. Grain with bigger diameter of 1 µm, was produced when the substrate temperature was heated on 300ºC -415ºC. Kazmerski, et al., conclude that the diameter will increase with the increase of substrate temperature [11] . The diameter resulted is 0.2 µm -0.8 µm and the results gained in this experiment is relatively the same with other research using different methods such as coevaporation [12, 13] , flash evaporation, spray evaporation and electrodeposition [14] . 
Photo 1. Morphology of Grains Taken from Some Samples
Transmission, reflection and energy gap Measurements on transmission, and reflection were done using spectrophotometer UV-VS NIR Beckman UV 5270. The measurements were done using wavelength from 0.2 µm to 2.5 µm. The transmission and reflection typical result on high substrate temperature at 415ºC, can be seen on Figure 4 . From transmission and reflection results, the bandgaps and absorption coefficients can be calculated [15] as seen on Figure 5 and Figure 6 . Figure 5 shows that the absorption coefficient values is between 10 -3 cm to 10 -5 cm at substrate temperatures 293ºC, 389ºC, 391ºC and 415ºC (samples number 2, 5, 6 and 12 in Table 1 ) respectively and with same samples in Figure 5 in Figure 6 shows the energy gaps measured is between 0.95 eV to 1.0 eV. From these results concluded that with the increase substrate temperatures the both values absorbstion coefficient and energy gaps will also increase.
Electrical characterization
By using the Hall effect, the value of resistivity, conductivity type and majority carriers concentration of CuInSe 2 [16] can be measured as shown in Table 4 . 
